From its inception, BT20 was planned to be multidisciplinary, tracking the growth, health, well-being and educational progress of urban children across the first decade of their life. To do so, we had to innovate in a number of areas, such as establishing tracking systems under circumstances where few people had a street address or telephone, create a flexible dataset because names were inaccurately translated and transcribed from record to record, translating and adapting questionnaires developed in the West and establishing norms for many of the measures used.
We began the study during the antenatal period, collecting information on pregnancy and birth. Because we adopted a lifecycle approach, the study covers many of the major issues confronting the particular developmental phase of children and young people in which data is collected. In the early years we concentrated on environmental influences (poverty, migration and political violence), access to health services, nutrition, child care and growth and development.
In the first few years of school, the emphasis was on cognitive ability and school performance, as well as social adjustment y The Apartheid regime created a system of so-called race classification which legally differentiated between Whites (of European origin), Indians (a collection of different people from the South East Asian region, mainly from India), Coloureds (people of mixed ancestry) and Blacks (people of African descent). Participation in society was differentiated in freedom and quality on a continuum from Whites to Indians to Coloureds to Black people. The terminology is retained because it carries the legacy of decades of oppression and discrimination, the effects of which are still evident.
and participation. Later questionnaires began to explore early lifestyle risk factors-diet and weight gain, parental monitoring and supervision, educational failure, and sexual experimentation, and a wide range of physical (body composition and bone mineral density scans) and physiological measures (pubertal development, biochemical markers of insulin resistance) were introduced. Now that the cohort has turned 16, data collection is focused on the prediction and measurement of risk, particularly in three domains: (i) sexual and reproductive behaviour (sexual debut, sexual violence, unplanned pregnancy and sexually transmitted infections), (ii) early expression of the metabolic syndrome (obesity, hypertension and insulin resistance) and (iii) social marginalization (school drop out, psychosocial difficulties, substance abuse, violence and conflict with the law).
The major change in the study occurred as we neared our 10-year goal. BT10, as it was then called, was a collaborative enterprise involving more than 20 researchers, some of whom had interests in only one specialized area or particular age group. No single individual had responsibility for the overall direction and resourcing of the study; there was a constant struggle to make ends meet and to enter and clean data requested by individual scientists. In response to this situation, Linda Richter and John Pettifor took the decision to raise research funding for two specific hypothesis-driven longitudinal studies, one on sexual risk and the other on bone health. BT10, as it had existed, was closed down and BT20 took its place, incorporating all the staff and data from the first ten years.
As from October 2005, the next generation of children has started to be born.
z Our first young mother was 14-years-old when she delivered her baby. There were three 14-year-old mothers in the original cohort of parents. Deliveries are speeding up; more than a third of women in South Africa have their first child before their 20th birthday. While we intend to repeat all the questionnaires used in BT20 with 3G children, we are also doing in-depth studies of young parenting (including fathering) and we will be expanding physiological measures in the new cohort, as well as our fledgling genetic interests.
Who is in the sample?
BT20 includes all singleton children born to women resident in Soweto-Johannesburg during the 7-week enrolment period.
In late 1989, we began interviewing women in public antenatal clinics in an effort to collect data from pregnant women who were predicted to deliver their babies during the enrolment period. More than 2000 women participated; however, because the cohort enrolment dates shifted as a result of the hospital strike, only 1594 of these women delivered within the enrolment period. A further selection criterion was that the mother and baby had to remain in the area until the child was six months old. The reason for this criterion was that the pilot studies had demonstrated that large numbers of women came from rural areas to deliver babies in the city, either because they believed the services were better, to ensure their child a birth certificate entitling them to live and work in an urban area under Apartheid law, or because they wanted the child's father, a migrant labourer, to witness his child's birth and thus secure the child's support. All births are registered in the municipal area under a local ordinance, but to ensure that our records were complete, we also checked mortuaries and back-tracked children brought to clinics for their first 6-week postnatal check-up. According to the records we compiled, 5449 births were registered during the 7-week enrolment period, 3273 of which met the cohort entry criterion of continued residence in the area. Of this group, we are still in contact with more than 70% of the cohort at age of 16 years. Birth notification forms contain basic information from which we could derive characteristics of total births. In terms of socalled race groups, the total cohort is roughly representative of the South African population, except for an under-representation of White children. Whites comprise 9.2% of the population of the country. 5 The reason for their under-representation is 2-fold. First, it was not possible to enrol children through private health practitioners and facilities, which White families predominantly used at the time. As the study has progressed, White families, who tend to be better off, have shown higher attrition than other families. Cohort studies in developing countries have generally found, contrary to what pertains in better-resourced countries, that higher socioeconomic class individuals are harder to enrol and maintain, principally because they perceive fewer benefits and more disadvantages to participation in research. 6 To compensate for this, at age 10 years in the bone health study, we recruited a supplementary sample of 120 White children born during the cohort enrolment dates, but not in the area. Most migrated into the metropole between 1990 and 1997. Table 1 shows some basic characteristics of the cohort. 7, 8 Although retrospective data has been collected from the supplementary group, they are not included in the description of the original cohort in the table.
How often have they been followed up-and what is attrition like? Table 2 shows the year, place of data collection, numbers contacted, from whom data was collected and reasons for attrition at all data collection waves to date. We distinguish three types of attrition; absolute attrition due, for example, to the death of a child. To determine this, we have relied on reports of family and neighbours when visiting the last known address of the family. Second, there is intermittent attrition due to circular migration between rural and urban areas. This is evident in the large numbers of people (n ¼ 1449) who are reported to have left the study area during any particular data collection wave (in total 44% of the cohort), some of whom return to the urban area and are traced during a later data collection wave. Last, there is study attrition, due to the incapacity of the study to either trace the family or interview the participants in a data collection wave, because of a lack of resources, including time. For example, the 9-10-year data collection wave was never completed. A proportionately larger number of families were reported to have moved during the data collection years 3 and 4 because we devoted a large amount of time to tracing families who had not been found during the previous few years.
Follow-up in the early years was severely handicapped by a lack of resources. At the time, we restricted follow-up of children to the original cohort area, some 400 km 2 . With the collapse of Apartheid, the urban landscape changed substantially, because families had the freedom to live and work where they chose ( Figure 1 ). Currently, we trace children and families throughout the Gauteng province (an area of 17 000 km 2 ). In 1993 (cohort age 3), we suspended data collection in order to devote all our capacity to tracing 'lost' children and families, and in 2003 (cohort age 13), we conducted a cross-sectional survey of same-aged children in 622 primary schools in the area, primarily to trace families lost to follow-up. Through the school survey, we re-connected with close to 400 children previously thought to be lost because of multiple address changes. This is a generally very mobile population, with about a quarter of families reporting a change of address during each major data collection period. There are 441 families who we saw once within the first year of life but not again. These families probably moved and are now considered absolute losses to follow-up.
We use multiple strategies to maintain participation. When the study began, we created relationships with the community and early data collection was planned in cooperation with the health services. A Community Advisory Board (CAB) was created whose membership has changed over time to reflect current concerns in the study. Currently, education officials and parents are strongly represented. In addition, field workers were recruited from local communities, some of whom have been employed in the study from its inception. Staff is also trained in cohort maintenance, as well as Good Clinical Practice and ethical research conduct.
The maintenance strategy, especially in the first decade, was directed to parents and other primary caregivers. Dissemination of information about the study was crucial to ensure that the requirements were well understood and participants were motivated to take part. 9 Information is disseminated by staff at each contact, as well as through newsletters and workshops. Compensation for transport expenses is provided for families who come into one of the two data collection sites, at the rate of R50.00 a visit. § Tracing of families is done through multiple contact addresses and telephone numbers collected from all participants at each contact. Contact with families is maintained between data collection phases through birthday cards, reports on the study in newspapers and on radio and television and regular newsletters for parents as well as for child/adolescent participants and school principals. A limited social and health referral service is incorporated into the study-for example, a toll-free telephone number and a free-post address to enable families to contact the office for advice and information; and referral notes to local services are given to families when health or social problems are detected.
As the children have grown older, the cohort maintenance strategy has been re-orientated to the adolescent participants. On average, study participants spend 3-4 h at the data collection site, during which time refreshments are provided. The study team provides letters to schools explaining children's absence if they miss school. We also promote awareness of BT20 at schools. However, the most significant initiative has been to shift data collection to weekends to make it more convenient for caregivers and adolescents to visit the site.
What has been measured?
While some rounds of data collection contain questionnaires or measures of special interest, common themes run through the data collection rounds, as shown in Table 3 . These include demographic, socioeconomic and household information; community, neighbourhood and school environments; health and nutrition; childcare, supervision and monitoring; growth and physical activity; cognitive development and school performance; social and psychological adjustment; risk behaviours; and a range of physiological measures. Data has been collected at 17 points across the 16 years of the study-at antenatal, delivery, 6 months, 1 year, 2 years, 3 years, 4 years, 5 years, 7 years, 9/10 years, 11/12 years, 13 years twice in the year, 14 years twice and 15 years twice-as well as through a school survey at age 13 years.
What has been found?
A full list of publications is available on the Birth to Twenty website (http://www.wits.ac.za/birthto20). Under the categories § Exchange rate $1¼R7. used on the web site, highlights from each of five areas are briefly summarized as follows.
Methodological issues
At the start of the study, several analyses examined the reliability and validity of routinely collected health service data, including reproductive histories reported in response to questionnaires 10 and the accuracy of birth data recorded on health and administrative records. 11 The information collected was used to design subsequent questionnaires. Several papers engaged vigorously with the issue of race in the new South Africa, 12 as well as implications for care. For example, we found that White women using private facilities were ten times more likely to have a Caesarean section delivery than African women using a public health service. 13 
Growth and bone health
The cohort shows improved growth in comparison with children born in the 1970s, but with little reduction in the difference between Blacks and Whites. White children continue to be taller and heavier. 18 Analyses examining ethnic differences in bone mass indicate that pre-pubertal Black children, despite adverse environmental factors (low calcium intakes <400 mg/day, less physical activity, lower socio-economic status) have greater hip bone mass than White children, and similar bone mass at the spine and appendicular skeleton after adjusting for differences in stature, likely due to genetic rather than environmental factors. 19 Physical activity, as measured by the amount of sport played, walking, and leisure activities, is lower in Black than White children, mainly because of poor physical education and sporting opportunities in traditionally Black schools. 20 The amount of physical activity undertaken by Black children is insufficient to have an osteogenic effect on bone mass. Peak bone mass is established in childhood and this influences the likelihood of minimal trauma fractures in later life. A lack of physical activity in childhood may also contribute to obesity in young adults.
Infant, child and adolescent well-being
Similar to their counterparts in resource-rich countries, young children in South Africa show age-related increases and decreases in adjustment profiles, gender differences in externalizing and internalizing behaviours, and early onset and persistence of maladjustment amongst a small group of children whose first signs of difficulties manifest as Table 2 Number of study participants contacted and lost to follow-up over the past 10 data collection waves parental perceived 'difficultness' and poor peer relations. 21 Exposure to violence, in the home and the community, has been found to have a pervasive relationship with children's emotional and social adjustment, independent of the impact of poverty.
22,23
Sexual and lifestyle risk
Sexual risk
Unwanted teen pregnancy and a high prevalence of sexually transmitted infections (STI), including HIV, are significant health threats in South Africa, both increasing as BT20 children move into their late teens. To date, 15 girls in the cohort have delivered a child, the first just after turning 14 and a further 13 are pregnant. Sexual intercourse was reported among 5% of 13-year-olds, equally by boys and girls; it picks up rapidly at 14 (17% boys, 6% girls) and 15 (27% boys, 11% girls). However, amongst both boys and girls more than half of all sexual activity reported, including foreplay and oral sex, is indicated to be non-consensual. 24 Two BT20 adolescents have tested HIV positive through a voluntary screening programme and several have been treated for other sexually transmitted infections.
Metabolic disease risk
Children who are born small and then grow quickly appear to be at increased risk of obesity and risk factors for Type II diabetes. 25, 26 We found that lower birth weight was associated with greater insulin production and higher glucose concentrations at age 7. This suggests that the ability of insulin to clear glucose from the circulation is reduced in children with low birth weights. Body mass index at 7 years was positively associated with both insulin concentrations and insulin resistance, as was the rate of weight change or weight velocity from birth to 7 years. Finally, high subcutaneous fat levels at the subscapular and triceps sites, measured at age 7, were also positively related to both insulin concentrations and insulin resistance. 25 What are the main strengths and weaknesses of the study?
A critical strength has been the perseverance of a small group of people determined to maintain the study, with little funding and against some opposition. At the start, several prominent public health specialists warned that long-term follow-up was neither possible nor particularly useful. The core group, who also provide continuity, drove a collaborative, multidisciplinary approach and a strong association with health services, schools and the community. As resources have grown, most significantly with long-term funding from the Wellcome Trust, stable systems have been established for the management of the study. A team of very committed people, responsible for operations, administration, laboratory and data, report to the investigators on a weekly basis. Sophisticated bar code, filing, and electronic systems have been designed to print address lists, weekly appointments, tracking participants through the study components, data Considerable energy goes into tracking and cohort maintenance. There are few street names and numbers in Soweto, informal housing springs up quickly and they confuse the visual landscape, many people have temporary work away from home and there are few fixed line telephones. Mobile phone usage is burgeoning, making it easier to contact caregivers and children. To date, attrition has been low in comparison to other developing country cohorts, 6, 8 and occurred largely in children's early years. It is difficult maintaining better-off families who see little benefit in participating in a long-term study with twice yearly data collection, including fasting urine and blood draws. However, most African participants identify strongly with the study, and report being happy to participate if the information collected can be used to improve the quality of life of South Africans.
The study is unique and has been a source of reference for several major policy decisions in the country, particularly in the absence of other data. For example, information on children's recognition of cigarette brands was used by the Minister of Health from 1997 to 1999 to push forward progressive tobacco legislation, preventing public advertising and the sale of cigarettes to minors. Early age of school entry revealed by longitudinal data was used by the Ministry of Education in 2004 to legislate a minimum age for school enrolment.
Looking backwards at what could have been done better is always with 20:20 vision. We could have over-enrolled White, Coloured and Indian families so that more systematic comparisons could have been made between the so-called Apartheid race groups. However, both at the time the study was initiated, and now, there is considerable ambivalence about treating these political classifications as biological, or even social, categories. Consultations with experts in longitudinal child studies ¥ advised us that the study would be maximally useful if it focused on the heterogeneity among a cohort of urban children, even if they were largely African. In the bone health study, an additional 120 White families were enrolled to ensure adequate power to test for ethnic differences in bone mass.
We certainly would benefit from having data that are more complete at each point. Circular migration and the difficulty in finding people means that some cases have missing data waves. Given the frequency of data collection, we can impute data from nearby time points for many variables, such as socioeconomic status or maternal education, but this is not possible for growth or developmental status. Since age 12, we have managed to achieve much more complete data at each round, and this has been helped by twice yearly data collection waves.
From the beginning, we have struggled to find the appropriate level of statistical expertise needed to do justice to longitudinal data. There are very few experienced applied statisticians in South Africa and statistics is regarded as a scarce skill throughout the science and technology sector. Collaborations with colleagues in the United States and the United Kingdom have brought with them the required expertise but, until very recently, this was ad hoc rather than an integral part of the staffing structure.
Can I get hold of the data? Where can I find out more?
The outline of the study, history and questionnaires are available on the website and collaborators can pull down data sets from the web through password access (http://www.wits. ac.za/birthto20). Collaborations are established through formal agreements with the principal investigators (lrichter@hsrc. ac.za), and include funds needed for the collaboration, staff requirements and mutual obligations, including the return of analytical datasets, notification of publications, etc. Our current grants cover costs involved in planned data collection and analysis. New initiatives that require additional staff or resources to collect or clean data have to be additionally funded.
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